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(54) Display driver circuit for liquid crystal display with generation of gradations 



(57) In a liquid crystal display circuit enabling gra- 
dation display of a pixel by using both a pulse width mod- 
ulation in which a drive pulse width PW lor each seg- 
ment is changed stepwise and a frame modulation in 
which the way ol outputting a drive pulse is changed 
stepwise for each of one pair ol frames F1 to F4 of a 
display screen, it is controlled for each of the frames of 
the display screen whether or not the pulse width PW of 
a segment signal of each pixel is increased by a mini- 
mum fine adjustment width, so that the total density of 
the frames F1 to F4 has continuity and unevenness 
does not occur in gradation setting. 
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Description 

[0001] The present invention relates to a liquid crystal 
display circuit tor driving a liquid crystal of a portable 
information terminal or the like, and particularly to a liq- 
uid crystal display circuit capable of changing the tone 
of each pixel stepwise. 

[0002] Conventionally, in order to make the tone of 
each pixel have gradation, as shown in Fig. 9(a), there 
is known a means in which for a common signal COM 
1 , eight pulse signals of PW = 1 to 8 with different pulse 
widths are prepared as segment signals for driving pix- 
els, and a driving time is finely adjusted thereby. The 
means is also called a PWM (pulse width modulation) 
system in the sense that the pulse width of a segment 
signal is made variable In this PWM system, as the var- 
iable width of the pulse width is made fine, the precision 
of the gradation becomes excellent, while there occurs 
a problem that as the variable width is made fine, the 
frequency of a control clock becomes high. 
[0003] Then, in addition to the control of the pulse 
width, as shown in Fig 9(b), there is alsoasystem using 
a frame modulation as well in which the way of output- 
ting a segment pulse is changed to xl, x2, x3, and x4 for 
each of a pair of frames F1 , F2, F3, and F4 of a display 
screen so that tone control is made. Like this, in order 
to make the fine tone control, it is desirable to use both 
the pulse width modulation and the frame modulation, 
and this has been common as a system of gradation 
control. 

[0004] As is understood from Fig 9(b), the conven- 
tional way of the frame modulation is such that control 
is made as to whether or not a signal prepared as a seg- 
ment signal is outputted in one pair of continuous 
frames, and such an effect can be expected that when 
the signal is outputted for all frames (the case of x4 in 
the example of Fig 9(b)), the pixel becomes dense, and 
in the case where the signal is outputted for once every 
four frames as in the example of xl of Fig. 9(b), the pixel 
becomes pale. 

[0005] However, since the way of the conventional 
frame modulation is a method of whether or not a seg- 
ment signal is outputted, there has been a problem that 
when an attempt is made to control gradation stepwise, 
it lacks in continuity. 

[0006] This will be described with reference to Fig. 10. 
In a timing diagram shown in Fig. 1 0(a), when the pulse 
width of a segment signal to be outputted is 1 (PW = 1 ), 
since it is possible to control such that one pulse is out- 
putted or two pulses are outputted (26 to 29) in the con- 
tinuousfourframes (F1 , F2, F3, and F4), when summing 
is made in the four frames, the fineness, that is, the sum 
of segment driving times in the four frames is continuous 
as 1 , 2, 3, and 4. On the other hand, in the case of Fig. 
10(b), since the pulse width of a segment signal to be 
outputted is 3 (PW = 3), the fineness becomes discrete 
values such as 3, 6, 9, and 1 2. 
[0007] When continuity of gradation control is consid- 



ered, in the conventional system, as described above, 
since gradation setting becomes discrete and uneven- 
ness occurs, there occurs a number of levels which can 
not be set through the driving time of the total of the four 

5 frames. This means that since control intervals are ir- 
regular in the case where gradation control is made 
stepwise, the tone control becomes partially impossible. 
[0008] An object of the present invention is to provide 
a liquid crystal display circuit which is improved and is 

10 capable of solving the foregoing problem in a liquid crys- 
tal display device in which tone control of a pixel is made 
by using both a pulse width modulation and a frame 
modulation. 

[0009] In order to solve the foregoing problem, ac- 
»s cording to the present invention, in a liquid crystal dis- 
play circuit enabling gradation display of a pixel by using 
both a pulse width modulation in which a drive pulse 
width lor each segment is changed stepwise and a 
frame modulation in which the way of outputting a drive 
20 pulse is changed stepwise for each of one pair of frames 
of a display screen, it is controlled for each of the frames 
of the display screen whether or not a pulse width of a 
drive signal of each pixel is increased by a minimum fine 
adjustment width, so that the total density of the one pair 
25 of frames has continuity and unevenness does not occur 
in gradation setting. 

[0010] In the above structure, it is also possible to 
structure such that it is determined by a value of lower 
plural bits of a gradation pallet whether or not the pulse 
30 width of the drive signal of each pixel is increased by the 
minimum fine adjustment width. 
[0011] Embodiments of the present invertion will now 
be described by way of further example only and with 
reference to the accompanying drawings, in which: 
35 [0012] Fig. 1 is a block diagram showing an embodi- 
ment of a liquid crystal display device according to the 
present invention. 

[0013] Fig. 2 is a detailed circuit diagram of a reset 
signal generating circuit shown in Fig. 1. 
40 [0014] Fig. 3 is a specific circuit diagram of a selecting 
circuit shown in Fig. 2. 

[0015] Fig. 4 is an explanatory diagram for explaining 
the operation of the selecting circuit shown in Fig. 3. 
[0016] Fig. 5 is a detailed circuit diagram of a segment 
ts signal generating circuit shown in Fig. 1 . 

[0017] Fig. 6 is a waveform diagram ol segment sig- 
nals for explaining the operation of a liquid crystal dis- 
play circuit of Fig. 1. 

[0018] Fig. 7 is an explanatory diagram for explaining 
so the operation of the liquid crystal display circuit of Fig. 1 . 
[0019] Fig. 8 is a waveform diagram showing wave- 
forms of signals of the respective portions of the liquid 
crystal display circuit shown in Fig. 1 . 
[0020] Fig. 9 is a signal waveform diagram for explain- 
ss ing a conventional method of gradation control of a liquid 
crystal display circuit. 

[0021] Fig. 10 is a signal waveform diagram for ex- 
plaining a conventional method of gradation control of 
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the liquid crystal display circuit. 
[0022] Hereafter, an embodiment of the present in- 
vention will be described in detail with reference to the 
drawings. 

[0023] Fig. 1 is a block diagram showing an embodi- 
ment of a liquid crystal display device according to the 
present invention. 

[0024] A liquid crystal display device 100 is a liquid 
crystal display device for displaying figures, characters, 
and the like through a dot matrix display system in a liq- 
uid crystal display (LCD) 110. 
[0025] The liquid crystal display 110 has such a well- 
known structure that a liquid crystal is sealed between 
a pair of transparent glass substrates, a plurality of scan- 
ning lines and signal lines are formed in a matrix form 
on the opposite surlaces of the pair of transparent glass 
substrates, a display dot made of liquid crystal is formed 
at each of intersection points of the scanning lines and 
the signal lines, the scanning lines and the signal lines 
are sequentially selectively driven by a common driver 
120 and a segment driver 130, and an electric charge 
is stored in the liquid crystal at the sequentially selected 
intersection point, so that characters and images can be 
displayed. 

[0026] Next, the structure of a display control portion 
1 40 for generating a common signal and a segment sig- 
nal respectively supplied to the common driver 1 20 and 
the segment driver 130 will be described. 
[0027] Reference numeral 1 denotes a timing pulse 
generating circuit (TIMING) which receives a clock 
pulse CLK supplied from a not-shown clock pulse gen- 
erator and generates timing pulses PCLK, P0 to P2, S, 
and R. As shown in Fig. 8, the timing pulse S is a pulse 
train signal composed of pulses corresponding to com- 
mon front clock pulses, and the timing pulse R is a 1/2 
frequency divided pulse signal of a clock pulse CLK syn- 
chronizing with the pulse rising timing of the timing pulse 
S. The timing pulses P0 to P2 are one pair of pulse sig- 
nals for indicating any one of gradations of four levels 
by the pulse width modulation. The timing pulse PCLK 
is a 1 12 frequency divided pulse signal of the clock pulse 
CLK synchronizing with the falling timing of the timing 
pulse S. 

[0028] A common counter (COMCNT) 2 for determin- 
ing the position of a display common is a counter of a 
predetermined bit number for counting the common 
clock COMCLK from the timing pulse generating circuit 

1, and a frame counter 3 outputs frame signals fO and 
f 1 for indicating the frame number at that time in two bits 
in response to an output 2A from the common counter 

2. Reference numeral 150 denotes a common signal 
generating circuit (COMGEN) for outputting a common 
signal COMD in response to the output from the com- 
mon counter 2. 

[0029] Reference numerals 4 to 7 denote pallets 
(PALLET) made of registers, or latches, for setting gra- 
dation levels to make gradation control. In this embodi- 
ment, in order to realize 32 gradations, each pallet is 



structured to make five bit output, and the four pallets 
are prepared. 

[0030] In each of the pallets 4 to 7, successively from 
the MSB of the corresponding gradation data, five bits 

s of b4, b3, b2, bl, and bO are inputted to reset signal gen- 
erating circuits (RESGEN) 8 to 11. The timing pulses 
PCLK, P0 to P2, frame signals f1 and fO are inputted to 
the reset signal generating circuits 3 to 1 1 , respectwely. 
Each of the reset signal generating circuits 8 to 11 de- 

io termines at Ihe timing in which the segment signal to be 
outputted is cut off (negate), and cutoff timing signals 
RES00, RES01 , RES10, and RES11 showing the deter- 
mination result are inputted to a segment signal gener- 
ating circuit (SEGGEN) 12. 

»s [0031] Fig. 2 is a detailed circuit diagram of the reset 
signal generating circuit 8. In Fig. 2, although detailed 
description will be made on the basis of the structure of 
the reset signal generating circuit 8, other reset signal 
generating circuits 9, 10 and 11 have also the same 

20 structure 

[0032] Reference numeral 1 4 denotes a line decoder 
for decoding the upper three bit data b4, b3, and b-2 in 
the five bit data from the pallet 4 and making effective 
one of outputs 0 1o 7. The other line decoder 1 3 decodes 

2S the timing pulses P2, P1 and P0 from the timing pulse 
generating circuit 1 , and the corresponding output in its 
eight outputs is made "H". The liming pulse generating 
circuit 1 responds to the clock pulse CLK, and the timing 
pulses P2, P1, and P0 are steadily counted, so that the 

30 line decoder 1 3 sequentially scans the outputs 0 to 7. 
[0033] Each output of the line decoder 1 3 and each 
output of the line decoder 1 4 take logical product of cor- 
responding outputs by AND gates AND0 to AND7, and 
when the output of any one of the AND gates AND0 to 

35 AND7 becomes °H', Ihe output of an OR gate 16 be- 
comes "H" and a reset signal RESET is generated. If 
control of only the pulse width modulation is made, the 
output of the OR gate 16 follows a passage A, and gen- 
erates a cutoff timing signal RES 11 at the output of an 

40 AND-ORgate 18. 

[0034] In the case where the frame modulation is also 
used, in order to realize the continuity in gradation, there 
is prepared a passage B for delaying the reset signal 
RESET in the case ot the passage A with the aid of a 

is D-type flip-flop 17 by one pulse of the timing pulse 
PCLK. In the case where the passage B is selected, the 
pulse width of the segment signal becomes large by one 
pulse of the timing pulse PCLK. 
[0035] Reference numeral 1 5 denotes a selecting cir- 

so cuit(PWD) for outputting a selection signal 15A to select 
one of the passages A and B. The selecting circuit 15 
makes the selection signal 15A "L* or "H" in response 
to the frame signals fO and fl indicating the frame 
number at that time, and data b1 and bO of the lower 

ss two bits from the pallet 4 to determine into which frame 
of one pair of four frames Fl to F4 the wide segment 
signal is inserted. When the selection signal 15A is in 
the V level, the passage A is selected, and when the 
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selection signal 15A is in the "H" level, the passage B is 
selected. 

[0036] Fig. 3 is a specific circuit diagram of the select- 
ing circuit 15, and Fig. 4 shows the function of the se- 
lecting circuit 15. In Fig. 3, reference numerals 151 to 
1 54 denote inverters, 1 55 to 1 57 denote AND gates, and 
19 denotes an OR gate. As shown in Fig. 4, it is under- 
stood that the selection signal 1 5A to determine the pas- 
sage A or the passage B for each of the continuous 
frames (flfO = 00, 01 , 1 0, 1 1 ) is outputted by the data bl 
and bO of the lower two bits from the pallet 4. 
[0037] According to the circuit of Fig. 3, it is structured 
such that when the data bl and b2 of the lower two bits 
of the output from the pallet 4 is 00, there is no passage 
B (only passage A), when 01 , the passage B is selected 
only one time, and when 10, the passage B is selected 
two times. When the passage B is selected two times in 
these four frames, it is preferable not to select the pas- 
sage B in the continuous frames but to select the pas- 
sage B every other frame. This is because when control 
is made as dispersedly as possible, there is an effect to 
reduce a flicker of a screen. When the data bl and bO of 
the lower two bits of the output of the pallet 4 is 11 , the 
passage B is selected in three frames. 
[0038] Like this, the reset signal generating circuit 8 
is structured such that the basic pulse width of the seg- 
ment signal is determined by the data contents of the 
upper three bits of the pallet 4, and it is determined by 
the data contents of the lower two bits of the pallet 4 
whether or not the basic pulse width is added with the 
minimum control width for each frame. By this, a circuit 
structure in which both the pulse width control and the 
control for each frame are used is realized. 
[0039] The reset signal generating circuits 9 to 11 pro- 
vided correspondingly to the outputs of the other pallets 
5 to 7 have the same operation, and the cutoff timing 
signals RES11 to RESOO obtained as the result of this 
are inputted to the segment signal generating circuit 1 2. 
[0040] Fig. 5 is a detailed circuit diagram of the seg- 
ment signal generating circuit 12. 
[0041] The Q-output of a latch circuit 25 constituted 
by an R-S flip-flop becomes a segment signal SEG1. 
Thus, when the timing pulse S is inputted to the set (S) 
side of the latch circuit 25, the corresponding segment 
is turned ON, and when a strobe signal of the timing 
pulse R is inputted to the resel (R) side, the correspond- 
ing segment is turned OFF. 

[0042] As is understood from Fig. 8, the liming pulse 
S is outputted at the timing of the front of each common 
signal without fail. On the other hand, since a signal 
made of the timing pulse R is outputted at various tim- 
ings, this changes a segment drive time. Reference 
characters °a" and °b n of Fig. 5 denote data given from 
a display RAM 160 and indicating by which gradation of 
the four kinds the pixel is displayed. If the gradation con- 
trol is for four colors, two signals are sufficient, and if for 
black and white, one signal is sufficient. AND gates 20 
to 23 are decode outputs of the data "a" and "b", and 



decodes ab = 00, 01,10, and 1 1 . 
[0043] Since any one of the AND gates 20 to 23 is 
turned ON, any one of the cutoff timing signals RESOO, 
RES01, RES10, or RES 11 is selected as an effective 
s signal by the AND gates 20A to 23A, and a signal in 
which the OR gate 24 is made to a strobe is formed. 
Thus, the cutoff timing signals RESOO to RES11 deter- 
mine a pulse width timing to determine each gradation 
of four colors. 

10 [0044] Since Ihe display control portion 140 is struc- 
tured as described above, as shown in Fig. 7, in the case 
where the output bO to b4 of five bits from each of the 
pallets 4 to 7 indicates any one density of 32 stages, the 
basic pulse width (PW) of the segment signal is set to 

'5 any of 0 to 7 by using the data (b4, b3, and b2) of the 
upper three bits Specifically, judgement is made by the 
line decoder 14 shown in Fig. 2. The reset signal RESET 
is outputted on the basis ol the output of this line decoder 
14, and the basic pulse width is determined. On the oth- 

20 er hand, in order to determine the increase amount of 
pulse width for each of one pair of four frames which use 
the same basic pulse width PW, the selecting circuit 15 
uses data (b1 and bO) of the lowertwobitsfrom the pallet 
4 and the frame signals f1 and fO, and determines the 

2S passage of the reset signal RESET to A or B as shown 
in Fig. 4. 

[004S] As a result, as shown in Fig. 6, the width of the 
segment signal appearing every four frames constitut- 
ing one pair is increased by one pulse of the timing pulse 

30 PCLK according to data of 32 gradations. Although Fig. 
6 shows only two cases of PW = 1 and PW = 3, even in 
the case other than this, in quite the same way, it is in- 
creased by one pulse of the timing pulse PCLK. 
[0046] As a result, as shown in Fig. 7, to 32 gradations 

35 determined in the pallets, conventionally, although only 
discrete gradation can be obtained and lacks in conti- 
nuity, according to the structure of Fig. 1, as shown in 
Fig. 6, continuity is achieved as the total density of four 
frames constituting one pair, and any one density 

40 among continuous gradations ofO to 31 can be selected. 
[0047] According to the present invention, as de- 
scribed above, it is controlled for each frame of a display 
screen whether or not a pulse width of a drive signal of 
each pixel is increased by a minimum fine adjustment 

45 width , so that it is possible to make continuous gradation 
control in correspondencewith gradations continuously 
set in a pallet. Thus, a high quality tone image can be 
displayed, and the display quality ol a tone image with 
a liquid crystal can be extremely improved. 

so [0048] Besides, such a structure is made that it is de- 
termined by Ihe value of lower plural bits of a gradation 
pallet whether or not the pulse width of a drive signal of 
each pixel is increased by a minimum fine adjustment 
width, so that it is possible to easily make gradation con- 

ss trol of gray levels in correspondence with gradation el- 
ements by output data of the pallet 
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Claims 

1. A liquid crystal display circuit enabling gradation 
display of a pixel by using both a pulse width mod- 
ulation in which a drive pulse width for each seg- s 
ment is changed stepwise and a frame modulation 

in which away of outputting a drive pulse is changed 
stepwise for each of one pair of frames of a display 
screen, the liquid crystal display circuit being such 
that it is controlled for each of the frames of the dis- 10 
play screen whether or not a pulse width of a drive 
signal of each pixel is increased by a minimum fine 
adjustment width, so that total density of the one 
pair of frames has continuity and unevenness does 
not occur in gradation setting. is 

2. A liquid crystal display circuit according to claim 1 , 
wherein it is determined by a value ol lower plural 
bits of a gradation pallet whether or not the pulse 
width of the drive signal of each pixel is increased 20 
by the minimum fine adjustment width. 
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